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(54) MANUFACTURE OF OPTICAL INTEGRATED CIRCUIT 

(57) Abstract : 

PURPOSE: To manufacture an optical integrated 
circuit efficiently at high yield rate and at 
low cost by simple mask alignment. 
CONSTITUTION: The first photoresist 306 is 
coated on an optical waveguide, and the region, 
on which a microguide 201, a waveguide lens 
202, an optical branching filter 203, a phase 
shifter 204 and two mirrors 205 and 206 are 
formed, is exposed and removed. The clad layer 
103. located on Si 02, is removed by etching 
using the first resist film 206 which is left 
after patterning. This substrate is newly 
coated with the second photoresist 307, the 
region 207, consisting of the microguide 201, 
waveguide lens 202, optical branching filter 
203 and phase shifter 204, is left and other 
region is exposed and removed. An Si3N4 core 
layer 102 and the clad layer 101 under Si 02 are 
removed by etching using the second resist film 

307 and the first resist film 306, which are left after patterning 
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as a mask. 
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<7);^ca6c7>x'7.i7^:b-ti-^l, "x'-f ^ n;^^ H 2 0 1 . 
Klx>X2 0 2. :)t5)^»g|2 0 3*5i:t;&ffi->:7^2 0 20 

4J&^ti^^^2 0 7^^'rct-5^c-rn^^J:t.^<o-e. i^v^ 
[0 0 3 7] /t^-Mt:$nTao;^c^i 07 

;tM^>^Xh 3 0 6 43^:0^^2 0:7:^ h 3 0 7 

^^Xi7<i:bT> 2-:^cZ)^^— 2 0 543ct:tJ^2 0 6(DJ^ 
MA«CF,/Hjy^X'T^fflt.^fcR I Eft 

-f F2 0 1. ^^g&l/>X^2 0 2. 7fe^^^352 0 3:^5i 30 
Tj^effiv':7::$^ 2 0 4 ^J^^T^i^i^CDXy 5^>^XSlC 
:feV^TS i 02±^5^:y FSl 0 3 (D^ti^m^^rcZ^^ 
^O-tr. C^lTiiS i,N^ aTB 1 0 243J:t;s i O, 
T^^^y 1 0 lc?)^S^X-/5^></-r^fcni-T. 2 
^(D^'7—2 0 s^^xS2 Q ^tm^^titz. c:c:t% 

^5 5'-^UT«<c:fc^tC. -^tz. 5^-2 0 6}5?!M 

o\zmmvrz. 40 

[0 0 3 8] COX>y5">^XS^tl> *S/Un>S^l 

0 Oa±TX^;/^>:y^#ji:U7t;^^\ ^mm^P^^M^ 
'r^ft(D^m'Amm.um]^ATX-^^<Ol:\ S i o^t 

l/io CODiS-^. X^>5^></$nfc^^<0^SlSS& (^^ 
O^f^SSSfel) O^ffiHSr^t. X^y5^>^$nTl/^ 
7it.iffl;^i^>t^^SS (S i 0:T^^^y Hll 0 1. S 

1 J nz^ 1 0 2:feJ:a^S i 0;±^7^>;/ 1 0 3 50 
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^Tfe^fi:fhi:UT»f^$ii'^;ii7&^T#^*^. ^^\z 
Rm^^\^±.^^^rz}i^\Z. 5^-2 0 5. 2 0 6SIC 

[0 0 3 9] 02 (d-1) . (d-2) . (d 

-3) \Z7^^Xo\Z. ^y— 2 0 5. 2 0 6CDX^y5^> 

if\zm^^tcmi<^y^ h upy. h s o 6:i5^zsm2 <Dy 

Ammmz^y)mm±m\z^mT)v^=z^j:.^i o o o 
:t>^xhu-2:^(Dm^\zmmvrco zlz^x-u. tjv^ 

X'?A56t^^-2 0 5. 2 0 6®lci^— {C#^r^J:'5 
tc. «1S^ffi:<>^*T;U^x»^A^*MtCfp]75^-DT4 5^ 

1) ^^mm^n^rco z.(DZiti\z^r^mu^m\zi^-\zT 

[0 0 4 0] T-:7a>>fi:Ufc^ic^:7;e- M/>?x 
h 3 0 e^s^^^-r^m^y^x^t, ^cDfficD^jBK 

^#ffflbT. mcZ):?:^ Mxv^^Xh 3 0 6^^J:lX^2C9 
-7:^ hl/v^X hS 0 7^ftJgiL7to ^lOPS. M^^ntz 
T^l'^X'^zAMS 0 SCDP^. Sl£;[)7;t M/>^Xh3 0 
6 43J:r;^2©7;^ hl/>?Xh3 0 7±tc^^$n/cgP 

^"2 0 5. 2 0 6®tC^»$nfeT;i'^X«:^AMl 0 
eoo^^^^gj^WtcS^nx, 0 2 (e-1) . (e- 

2) . (e-3) {ZTR'T^'^f^ytmmmmmm^^m'^ 
[0 0 4 1] z,(D%mMmmz^^^^x\^. t^v^x^a 

1^1 0 6cr)^^lCj:*3^^-2 0 5. 2 0 6®tC43^t^ 
Mlt^^9 5%^T"I^±$ii-^::i::0^*X^. ^t.^^#{t 

mm^ntz. ^tz. ±mmmT.mz^K}mmm^^(D 
ytmmm^^ipmL'rztz,^. ^M(Dmm:^mT\tmi 

0%(D^Shm^r)V7^^m^nfJ:7!)^^rz(DlzMV. 9 8% 

[0 0 4 2] mmm2) :^^mm\z:^^^i:u. gi4 
(f-i) . (f-2) . (f-3) ^z^.TJ^ot^ytm 
m^^ommiz^mM^mmLrz. 
[0 0 4 3] c<Dytmm^mt. vun>atKi o 0(^ 

±IZS iO^T^^y\^Ml 0 1. A 1 : Oi 7S 1 0 
4^^US i 0^±^^y 1 0 3 7^'^ifj:^^m^^^ 

^m&^tiT^^^o z,(D^m^ii^mtm^:^\^\z—^^rz 
{t^mw^^-^tiT. ^m^^mz'^^i7u^^ ]^2o 

1. m^mU>X2 Q 2. ^^&m2 0 3. &mi^y^ 
2 0 4. 5^-2 0 543j;tX2 0 6 t^^^O^^^^t^ 

ocsnxi'^^o -^-f ^a:^-f K2 0 1. m^mu>x 

2 0 2. ^^^^§§2 0 3i^J:XS&:mi^yi^2 0 4{C^D^t 
-S^t^^SScDl^^^^i:. 5^-2 0 5:^ J: 1X2 0 etc 
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[0 0 4 4] S3 4i5cfct>*0 4{c. :^mmmo)ytmmm^ 

[0 0 4 5] g|3(a-l). (a -2) tCSf 

7S1 0 4^^ZSm^l fimCDS i O2 ±^ y y H)i 1 

[0 0 4 6] ^l^^T. 03 (b-1) . (b-2) 

2Z>(D^y—2 0 5:^J:ZS2 0 6 tC^fJ^f^®^ 
±<Dmi<^y:thU>^Xh 3 0 6 *g7t:UT^*L//c:o 

[0 04 7] ^<Dm. ms (c) ^ICD 
^1^^6 0 0 (A = 2 5 4nm) ^mMVTz. Z.n^Z^ 

[0 0 4 8] m4 (d- 1) . (d- 2) sc^t* 

3 0 eSVX^tLTS i Oz±i7^^;/ FH 1 0 3^X 

tCcfcOv A I2O313TS1 0 4cota±-trx2/5^>^^f? 

±Ti>:itf)^X^rzo eA±lci;D. 'T-r^n;^-f K2 0 30 
1. ^JKgSl^>X2 0 2, 3t^?SS2 0 3:fect^;&tB-> 

:7^2 0 4<hUT®i#t"^7t[Hifg?^^^jg«^nfco iine 

101. A l2 03::f7gl 0 4:feJ:rXS i Oi±i7^^y 

Fsi 0 3<D^m<Dmmmtx.y^>^m^h^mm't 

[0 04 9] 'A\Z. m4 (e-1) . (e~2) . (e 

-3) \z^T<k^\z. ±m:cy^>ifj:m\zm^^'rzmi 
o)y^hui>xh3 0 e^^o^^mi^. m^±m\zm 

rz\Z'm2 coy :t h WJX h 3 0 7 ^2 }jLm(Dm^Xm^ 40 

±mo:)mmhmmmxm\z^r)^mf}m^'^rix\^'^ 

^0X2^<Dy:t h h306t307 t:^m^'r 

AL OF THE ELECTROCHEMICAL 
SOCI ETYJ m<Dl 982^. ^129 ^6 

3 7 9S-^i 3 8 iMtcfB«$n;fc^s:tcf¥ 

[0 0 5 0] m^^X. V'r^n:^^ F2 0 1. ^j^Sgl/ 
>X2 0 2. ^jj-^^Z 0 3:i^J:U&myy^2 Q 4:^ 50 
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^t^«^2 0 7±^aLT. m<Dmi^±(Dm2(Dy^h 
l/>^Xh 3 0 7 ^®7tLTl^*b;to ^l(7)>r^M/5/ 
X F 3 0 6 tl±faS«^^SgS*X®(C ct (3 (wftMd^* 

V<i7D;y-< K2 0 l/^J^gSl/>X2 0 2. 

2 0 3idJ:Zf&:nyy^ 2 0 4^^tsmm2 0 7^m^ 

jfioiz-rtiu^^^^cDx. mm^^iH.^mt'^'r.'^i 0 

'^t>'^^rroCh:A^X^rz. 

[0 0 5 1] /t^-><t^rixm^rzmi(Dy 

:t M^v^X h 3 0 6io<^Tfm2(Dy:thUz^7. h 3 0 7 
$VXi7^LT. 2 0(^^^— 2 0 5:fechrX2 0 6cr)?^ 
^J^^iCHFa/C: F, T'^Xv^fflVifcR 

I Effi{CctDx^y5^>^L;to ^aiCDv-i- 
F2 0 1. mm^u>X2 0 2. ^6^^m2 0 

3:^XUi^Lmyyi^ 2 0 4^?^J«;-r^/^^CDX^y5^>^ 
i:miZ:}o\^^XS i O2 ±:i7^v;/ Hgl 0 3;0^*^^$nT 
V^^OT. CCT^iA 1 2 O^aygl 0 443J:DCS i 
OrT^yy Kgl 0 lc^)#M^Xu/5^>^-r'5fc*tt 
2r:>(D^y—2 0 S:^<kn2 0 etm^S.-^ntZo ZL 

z.x\ ^y-2 0 5\tmmi^rzyt^-r^xm~-yfm\zK 

M-^it^^y-tl.xm<<ko\Z. ^fz. ^^-2 0 6 

mmvrz^o^=^»^ i^(D%^ii^m\zmfx. mr)o) 
'=^^^m(Dytmtidmiz\^\fxKm'^ii^^^7ymmtvx 
m<^y\zmmhrz. 

[0 0 5 2] C(DX,y^>^'j:mX\t. ->VZ2>m^l 

\z. ^^^rnxxj^y^y^^mrvx^^mmm^om 

mzmW^-^^t^^^o ^tz. ^^—2 0 5. 2 0 6<DK 

Mm^i^±^'^^rz^\z. mmmi tmm\zvx5.y- 
2Q5. 2 0 6mm\z±mm^m^i^x%^\^^. 

[0 0 5 3] )k\z. &m^mm^nrzmio:>y:thuz^ 
X h 3 0 emm^m^r^mmy'yx^h. ^omo^ 
f&iyx\^^ti\^^y^hui^xh^m^-r^uz^7s h^mmm 
t^m^vx. mio)yyrhu>'y.h3 0 6:^j:zfm2 
<^y^huz^y.h3 0 7 ^mmi^fz. i;k±\zj:o. m4 

(f-i) . (f-2) . (f-3) izm-r^yf^^m 
m^mmm^ipm^nrz. 

[0 0 5 4] AitmmT.m\z^r)mmm]mM<D~^mm\Bi 
Sij^^ViVi)^n^nt^A'^'Drz(D\zm^. 9 8%^Tr^± 
[0 0 5 5] mmm 3 ) :^mmm\z:^^^x\t. m e 

(f-l) , (f-2) , (f~3) iz^TJiof^ytm 

m^^ommz:^mM^mm\^fz. 
[0 0 5 6] z.<Dytmmm^\t. i>ur!>a;Ki 0 00 

±tCS iOjT^^^y FSl 0 1. Ai,O,:=i7®10 
4:^J:ZSS i Ot±^yy]^mi 0 3 T^^^fSi^^M'^^ 

tm^^nxi^^. z.cDytm&mtm^y3^iz-^^rz 
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2 0 4. ^y-2 0b^^TS2 0et^^o^^^mti^^ 

2 0 2. 7t^5S3g2 0 Z^iilS^^W^y^ 2 0 4iC*5t't 
^7^SiSSS<^^*^^ ^^"2 0 5i5j:0^2 0 6iC 

[0 0 5 8] ^T. S5 (a-1) . (a- 2) tl^T 
'>'jn>a«l 0 OcO±tc. ;p^5/zm0Si 
OiT^^'u/HSl 0 1, jP^O. 3 MmOA h O3 3 
TSl-O 4*$ci:lX/P^l MiTKDS i Or±.^^v KPl 

2 MmO^^^T^^flJ b;^Co 
[0 0 5 9] av^T> 05(b-l). (b-2) tC^ 
-Tct^tC. ■r-<^D:^f-i' K2 0 1. ^?g^Klx>X2 0 
2. 7t^?SS2 0 3t5J:rXfi:ffi>'y'^^2 0 4^CSP;^T. 20 
200)^^-2 0 5:fec};ri;2 0 6 ^Cj^jST^M^ 
±0111(^7:^ M/>^;^h3 0 e^^TtbT^^b/^o 

[0 0 6 0] ^mk. S5 (c) iC^rcfc:"5tC. :^lco 

[o'o6i] 'A\z. me (d-i) {d-2) iz^-r 
j:,^\z.- /^^->it^nTmr:>rzmi<oy:t hu-yxh 30 

3 0 e^-^X^ thXS i Oj±^^-/ Hgi 0 3 

2 0 1. m^^U>X2 0 2. 3t»JSSi2 0 3*5ckZ^e 

Wyy^2 0 4t\.xW}r^'r^ytmmm^^nrz. z. 

KSl 0 1. A ItOzZiTmi 0 4iDJ:ZfS i 02±^ 
[0 0 6 2] :k\Z. 06 (e-1) . (e-2) , (e 

-3) \z7r^r^o\z. ±M:L.y^y^*izn\zm^^tcmi 
<Dy:^vw7^y3^e^'^<D^^m\^. ^wi±m\zm 

tL\ZW>2(Dy^ MxvXh3 0 r€:2 j^m<7)j?^T^^ 

bfca z.(Dn. mi(Dy^vuzy7.v3 0 ^(Dmmz 
±.m^yym^yX'^^^j:m\z^^'Tyuymt^ 

?]^^^nTl/^^(DT2OC07;^ V\y-J7s h 3 0 6 t 3 0 

10 0 ^ 31 m^^x. ^u:^^ Y2 0 1, mm^u 50 
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yX2 0 2. %^mM2 0 3^<^tKeffii/:7^2 0 4^ 
^?:r«S^2 0 7±*SbT. ^<7^W$.±.(OW>2<Dy^V 
]yz^ysh3Q7^U%\^XW^VrZo Sll hl^v 
7. h3 0 6tt±IS7^;/^7'^Xv'iaax@lCiD^®^' 

T-yuymtim^^nx^^^ox. z.(d&% *m.mzii 

^^t)^\t. v-f ^D:^-f K2 0 1. «&gSl^>X2 0 
2. 3t^>^g|2 0 3:^5i:i;&|gv'73f'2 0 4^^trM:^ 
2 0 7 $r?t'rci:^tcm«<:tV>CDT. 
itr. ®:l OiamS«<D*|ftT3fe5^Ta5^. i;oT. % 
^X<'^7.i;^fo^^noz,tti^xmc. 
[0 0 6 4] ^CDtt. /i3^-Mb$nT?l^fc«io:7 
^M/vXh3 0 6*?J:Ut^20:7:t M/>^Xh3 0 7 
^'^T.^hl.X. 20(Z)a^— 2 0 543J:tK2 0 6<DJg 

x^^^>i^ffiicJ:Dxty*^>^^b;^Co :z(D^mn. ±M 
cD-7-^^D:^-f H2 0 1. ^iS?&l/>X2 0 2. T^^iS 
g§2 0 3 45j;r/fiffl>^:7^2 0 4 ^J^figT^fcie)CDX>> 
5^>:^XS{Ct5ViTS i Ot±.^^y YMl 0 3 
^nXV^k^COT. Z.Z.xnA\^O^ZlTml 0 A^^TS 

s i o^T^^^y 1 0 \<D^m^s.y=^ycf-t^rc 

nx. 2':pc0^^"2 0 54oJ:?>*2 0 6;5^*Jgj5jc;$nfCo 

ei^iT. ^'y-2os\±3\mhtc^^'r^xm-ij\^\z 

[0 0 6 5] ^COX-/^>>fXgX^i. S/U=!>SSl 
0 0S±TX^>5^>^^^?±b;t7;?>\ *]^^Jl4ocfcZ/^ 

5. 2oe(j:>KMm^\^Jc^^^t:L^\z. mMmitn 
^tzLT^^-2 0 5. 2 0 em.mz^mm^'m^i^x 

[0 0 6 6] :k\z. "ryuym^^W^^^ntzmKoyzt 

mmmt^mmL'X. mi<Dy^v\yi^y.h3 o 
xsm2(Dy^v\yi>y.h3oi^mm\^rz. )^ai\z^ 

D. 06(f-l). (f-2). (f-3) \Z^-t^ 

[0 0 6 7] ±%mmTM\z^r^^mmmm(D^mmM 
^^v^mhtztz^b. m.^6m.^'^mx\t.mio%(DA 
s^^^y)hti^n^nf^i)^^tz<D\z^i.. 9 8 %*TfHi± 

[0 0 6 8] (*js^j4) i^mmm\z^\^^x\t.. 

(d-l) . (d-2) . (d-3) \Z7r^'t^of£.^m 

»\^-'^fi^-wmmi\:^ntz%mm.^^(Dmm\zifm^ 

^jSffl Lit* 

[0 0 6 9] Z(D^mmmmt. n-GaAsS«7 0 
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0<D±.\Z. n-Alo.iGao.4As^^^y F17 0 1, 
7>F-y-GRIN (Gr aded- I ndex) - 
SCH (Separate— Conf inement — 
Heterostructure) — S Q W (Sing 
I e-Qu an t um-We 1 I) H7 0 2. 7>H- 
y-A lo.6Gao.4 As^vUT»IIS7 0 3, 7>H 
-'f-AU.r,Ga,.,,As^m^m7 0 4. p-Al 
0. e G Ho. 4 A s i7^:y H)i7 0 Sfe^tlXp - G a A s a 

3> ffiffiv75^2 0 4. ^^"2 0 5feJ;U*2 0 6 

Gao. 7s As7t«iSa7 0 4^i. ^:g4mm (A-B:^ 
1^) OF^. SgB;i>^^ 5 0 0 umOmm^Z. 1 3 0 n 
m. ^$0. 0 5 MmC0 1^l5lW*&^7 1 O/O^jg^^n 
T:fe D > d (^SgB;&^ & 5 0 0 /i mCD^^;^/t Jf 
^^P—- tf (DFBl/-lf) 6 0 2 iLTiif^r^. D 

F B 6 0 2 ^m&'t^mm(D^mi[^m'^. m^yj 
mz~'m^mi:^nrzmm6 1 o^m&T^ct\zj:om 20 

mmo)-3^m^^rirzmm6 1 0. #zsgsi/>X2 0 

2. 7ti3^&Sg2 0 34o<i:D^fitgi/:7^^2 0 4tr:BW^^ 
^iSK^^^^^a:. ^^-2 0 5:fect^;2 0 efC^S^j- 
[0 0 7 0] m7:^^um8ifZ. i^mmmcD^mmm^ 

[0 0 7 1] 0 7 ( a - 1 ) , ( a - 2 ) IZ^T 

n-G a A sS«7 0 0(^±ir. m^l lim<D 30 
n-A lo.jGao.^Asi^^.y h*g7 0 1. /P^O. 3 
1 iLimcDT> H— :/-GR I N-SCH-SQWS7 0 
2> m^O. 2 jE/m<Z)T>p — y-Alo.6Gao.4 As 
Ur^S^7 0 3. /P^O. 1 Mm<7)Z>K-y- 
A lo.:.Gao.7s As^^^H7 0 4^#«^^S^ffi^K . 
S (MOCVD) ffitCj::?3^^L./bo CCX\ 7>F- 
y-GR I N-SCH-SQW^7 0 2t^. »^0. 1 
5 MmC07>H"y-A liGa,-x A s (0. 3^X^ 

0. 6) mmmmm (gr i n) m. m^o. o i jam 

C07>H-:^-GaAsfi?#FB*>^^t/jP^0. 15 40 
AzmC7)7>H-y--A IxGa.-x As (0. 3^X^ 

0. 6) GRiNmt^^mj$.hrzo 

[0 0 7 2] 'A\Z. ii^<7)S^b*-Al/>^X h^ffiV:^& 
«^H-AUyi7*^7^-^cJ:D. ^fi4mm07>F 
-y-A lo.2s Gao.Ts As^^ig^^ 7 0 4C0F^. SgK 
7^^^ 5 0 0 MinCDffl^t;:. 3 0 nm. 0. 0 

5 iimCDi:k\Bimm^7 1 O^J^J^SU. fgV^T^ni^^^ 

(Dmmziy^zxycoin'^&^^iy'Drzo ^<Di/U3><D 
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TZo Z-CDTcib. DFBU-'fe 0 2\Z:^\^^X^±LrzU 
-1f^7imFBl/-1f&l^1^<7)^^T®iK^n-r. 

riEEE JOURNAL OF QUANTU 
M ELECT RONICSJ ffiCO 1 9 9 1^. ^27 

me^. mieo 9h-si e 1 5M^ciB«$nfc 

[0 0 7 3] ±8B«?t:-Al/v^X h^^SL. 
si7^:y HS7 0 5fecfctXj?^^l /zmOp-GaAs 3. 

y^^hm? 0 6^MocvD&\z^r)m^Lrc. 
[0 0 7 4] cc»^#^g&±^Hic. mio:>y^hUi^ 

X h 3 0 6 ^ 2 unKOm^xm^VTco 

[0 0 7 5] m^^x. m^^o-mm^^ntzm^Q 

1 0. m^^^U>X2 0 2. ^ii^i^mz 0 3^J:U^m 
5/>^^2 0 4tCtlP^T. 200^^-2 0 5*5^:^*2 0 

s(D^^\zM€^'r^mm±(Dy:i' huz^y^hs o 9^m 

^Lxm^hTz. C0^7fetcJ:D> x^y^>^$n'5-< 
[0 0 7 6] mz. m7 (b- 1) . (b" 2) \z^~r 

^o\z. A^-yit^nxm-orzmK^yyrhUi^xh 

3 0 6 ^TX:i7iLTp-GaAs a>:$^:^r hS7 0 6 
:^^Z^V-A\o.sG ao.4 As ^^y]^m7 0 5 ^x-; 

fcS«'l4^:t>t:-AX:y^>i^ (R I BE) ^ffiV^T 
fTl.^, 7>H-y-A lo.is Gao. 75As7fe^zSS7 0 
4it±TX^:;5'>^<&<?ltLfCo eJL±iCJ:0. D F B 
-1f 6 0 2. ^jSg&l/>X2 0 2. ^»i[&^2 0 S^J: 

u&^iyy^ 2 0 4 ti^xmip-r^^mmm^-^n 
mtJiy^y^m-^t^mm-r^ctiz^r). 0fSco# 

[0 0 7 7] '^\Z. 08(c-l), (c-2). (c 

-3) tz:^-ri;5tt. ±mx.y^>ifj:n\zm\^^fzmi. 

(Dy-t V 1/>^X> 3 0 6 ^HL, Sffi^Mfcff 

tz\Z%2<Jyy^VV-J7.VZ 0 7 ^ 2 /xmODjS^T^:r{) 
L;^Co 

[0 0 7 8] Z.(r>n. ^10:7 ;t hl/vXh 3 0 6(7?^ 
a^'tt. ^20y':t hl/i^X h 3 0 7CD^:il3{C^;^c^T 

m^^vmmMm^fynx^yy. z<jyn^^mmM\z^^ 
i^mif^i^^-^riX^^^^o^x2'D<Dy ^ vv-jy. h 3 o 6 

^3 0 7 hifim.^^^Zh\tm^-:>tz. 
[0 0 7 9] m^^X. DFBl/— If 6 0 2. ^SKl/> 
X2 0 2. 7t^^JSgg2 0 Z^^XS^mi^y^2 0 4^^ 
t?^^2 0 7±^5SLT. ^i&0'^^±<7)®2 07^ hU- 
>^Xh 3 0 7 ^g7tLT^^Lfco ^lc^)>':t M/i^X 
h 3 0 6 ^^±iaiS^^^SgMx@{::<t O^ffitcSlid^fl^ 
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FBU— tf 6 0 2. m^^U>X2 0 2. T^^j-J^gg 2 0 
3 43cfcZ>^fiffl5>>^^2 0 4^^tf®^2 0 7$?5'rJ:3 

[0 0 8 0] -^(DWi. /^^->it^nTn^rzmi(Dy 

:t h h 3 0 6^^t^m2 0:7^ hl/>^7; h 3 0 7 

^^7s^ LX^X. 2-^(7)^^— 2 0 5^5cfcOt2 0 6C7)J]^ 

(r>mm^. ±^cOD F B L/-if 6 0 2 U V S^tii^ 6 1 
0> 3gj^^ix>X2 0 2. 3t^^JS^2 0 3*5J;DC{^rtgv' 
7^ 2 0 4^J^j5£-r^fc2'60X^;/5^>^^X@{Ci5l'iTp 
-GaAs3>^:5^hS70 6:fe^tJ^p - A U. e G a 
0.4 As Hg7 0 5*^*^*$nTt.^^cOT. 

Tt^T>F-:/-A U. ,s Gao.Ts As>¥:^i^®7 0 
4. T>K-y-A lo.tGac,<As^^UT^g@7 
03. T>F-y~GR I N-SCH-SQWS7 0 2 
:feJ;0^n-A lo..Gao.* As^7^>y Fa7 0 1 H 
^Xy5">^'r^fcttT\ 2^055'"2 0 5:feJ:l/2 
0 6 7??^*f^J5£$nfco clilT?. a ^-2 0 5tliiMb/t7t 

[0 0 8 1] :icOX^y5^>^XSTi^, n-GaAsS' 
«7 0 Oit±TX^>^>^^{?ihb7t:^^\ 7^»^g§rt^. 
^JS^r^T^c^^^^^^flTt^iCMmKTTS^C^T, n-A 

U.6Gao.4As^^^y H®7 0 1 -^T^^-T^if^ 

^y 5^ > nx v^T^cC i.^®^<:o>fe^J^S§c^^«JB»r^ i CO 

^ttj;(:)^u:^7L/:t-;kKS*oR#t^^iii'^3 o%es 

XN 3 0 6«S^^S'r^^^:/^7:-^i:, ^i^ffic^^ 

i^^fflbX. ^lCD>':t M/>^Xh 3 0 6:fecfct/^2 
C07:t M^vX h 3 0 7 SrfSglUfCo iU±t::^D. SB 
(d-1) . (d-2) , (d-3) tC^rJ;5;^cJ:5t^ 

[0 0 8 3] ±MmmjLm\z,^y)mmm%m<D%%mM 
it^^:^;^^*T^fco z.(j:>%'mmm^\%. w^n\z.^^m^^ 



[0 0 8 4] mmms) :^nmm\z^v^x\t. mi 0 

(h-l) , (h-2) . (h-3) \Z7^r^^U¥m 

[0 0 8 5] :i<Dytmmis\mt. n-InP»«8 0 0 
CO±tr, n- I nPi^^^^y FS8 0 1. 7>F-y-I 
10 nGaAs/I nGaAs F^Mm^^P (MQW) S 
(A = l. 5Min) 802. d ~ I nP ^ y y S 0 
S^cfcLKp- InGaAsF3>:^;^h®8 0 4;0^'ffi^ 

mf$.'^nx^m^^tf^^x\^^^o ^mi&mtm^:f^\^ 
iz-^^fcu^mm^^nx. ytm^^^p^iz. mm^ 

U>X6 0 4. yt^j^l&^2 0 3. 'KtBe^:7^2 0 4. 5 
y-2 0 5^^ZS2 0 6 tl^V^^tm^^^^i^^ C^nx 
V^^o mi[&^U>X6 0 4. 5t^:)^?^§i2 0 3:feckl^{£ffi 

i^y^2 0 4\z:^n^^mmm<Dm^m^t. ^7-2 

0 5 43c±:D;2 0 6\z:^\f^^mii^^(Dm^m^t\t. ^ 

m&:m\zm^^^^ri^o 

[0 0 8 6] m9 cfc^a 1 0 \z. :^mmm^^Mmm 

[0 0 8 7] ^-r. n~ I n PS^S 0 0(D±\Z. 
URF7./^yf^mz^r)m^3 0 0 0:t>^XhO-A 

<7)s io,m^mf&L. z.n^m9 (a) \z^t^o^z . 

/^:^-->^T^o ^(D^o\zAi^—::^>^^nrzS i 

^fTo;?cP#tc. s i o,^9 0 2ia^f-jbKs$n^ss 

({?0;^t^. rpOURTH OPTOELECTRON 
ICS CONFERENCE TECHNICAL 
DIGESTjl7C2-l)o 

[0 0 8 8] ;^tC. m9 (b-1) . (b-2) . (b 
-3) (C^Tc^^t-. m^l um<Dn- 1 nPi^'py }^ 
mSO'l.m^O, 2 /iin<OT> I nG a A s 

/I nGaAs P#Sfi?#F (MQW) B- (A = l. 
40 SjLim. ) 8 0 2. 1 jLtmCD p - I n P ^ ^ KB 
8 0 3:fei:i;^j?^l MmOp - InGaAsP3>^'i7 
hS8 0 4^MOCVDS(-<=tO?^^£L'fco S 

1 OiP9 0 2:^v^^->mj$.^nrcmmiti^m^'&^^ 
mz,(bt^i^<Dx\ my^m^mn^siz^^xm^^ritz 

smmt. s i o,®9 0 2jfi^tc#at"^oT. ±m 
hfc^oizMQwrns 0 2 0^mm^^^n£(^0mm.J: 

mmxs omevmmommm^om^^i^x. v-^ 

50 6 0 3®mT^^bfc7¥;;^>^*^-CDte<0®:^X®JR$n-f. 
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19 

[0 0 8 9] m^^X. 0 9 (c-l) . (c-2) IZ^ 

\Z. miO)yythUi:>Xh 9 0 0 ^2 um<Dm^XB^ 
Vfzo my^T. S9 (d~l) , (d-2) I'^Ti 

v'^^ 2 0 2OC05^— 2 0 5:fec}:lX2 0 

6(D^^\z^^.-r^mm±^m^r^r^^\z. ^mm± 

tzo z:<7:)mmz^Ki. :iiy^>^^n^^^±x<D/\^ 10- 

[0 0 9 0] ^<D^^. mi 0 ie-l) . (e~2) \Z 

^■ri:5tc. &m±m\zRF7.j^y^m\zx^m^o^ 

2 MmCOC rM9 0 1 ^W^V. igV^T/^^- Wb^tl. 
TS^/cmi hl/vX h 9 0 0 ^^m^SijTffJgl 

LTf^^Ufco C rm9 0 10iP<^(10, 2u 

mTSD. ^H7)7:t hl/v;^ h 9 0 0c^i?^2 MmJ: 
D^i^;6^Jc^ViC0T:\ ©:7:r h l/xX h 9 0 0±c7) 
^l(OC rK9 0 l;0^-^t;:i^*$n:rco c:nicJ:D. 20 
^mk>X6 0 4. 7fe»?S^2 0 3 4o<fci;fiffivr7^ 
2 0 4tClJD;^T, 2 ■::><D ^ 2 0 5 2 0 6 CO^ 

^\Z^]^.'t^mM.±.tm^^tltcC rJR9 0 
tlTCo i^. ZZ,X\ C 0 l(DRt)r)\z. AK T 

[0 0 9 1] ^z. ^io(f-i). (f-2)t::^ 
T^o\z. n9->\\:.'^tixn^fzc rm^ o i ^-^x 

:i7(hUTp - I nGa A s P:3>^^:7 hS8 0 4:feJ:tK 
p - I nP^^^y FB8 0 3^X^:/5^>:?^L.X^>*b 

TffV^> Z>H-7''MQWH8 0 2ajbTX>>5^>'i?^^ 

1/>X6 0 4. 7t5i'i^^2 0 3:feJ:I/fi+av'>^^72 0 4 

[0 0 9 2] ai 0 (g-1) . (g-2) . 

( g - 3 ) \Z7r:^^^\Z. ±|BX ^ > i^XS \zm\^^tz 
C r]^9 0 1 Sr^(?5^*^SL. S«^®(cST;^ctC^ 2 <D 40 
7^ hUv^X h 3 0 7<lr2 Mm<DiS^Ta^b;t. 

[0 0 9 3] igV^T. ^-tl-S!c^U-1f 6 0 3. ^^gSl/ 
>X6 0 4. '9t^^m2 0 3*5j:tX^ffiv':7^2 0 4$: 
#tr^^2 0 7 ±^?SLT. fflc^®J^±CD^2c7)7:i- h 
1/>^X h 3 0 7 4^)tbTi^*bfco CriK9 0 1t^, 

^m^i'^^rzcDm^'mmzxr^n^^^nut^^tzo ^ 

6 0 3. ^ii£gSl/>X6 0 4. 7t5>i^§g2 0 3*5cfc 

^^^fflv-y^ 2 0 4 ^^tsw$.2 0 7 ^sriotcrn 



) #^¥7- 2 8 3 2 1 5 

20 

oZ^tt^X^fz. 

[0 0 9 4] ^om. /^i^->it^rixm':>rzc rms 

0 l:feJ:^^2cD:7:t hl/i^X h 3 0 T^-^Xi^tV 
X. 2z:>0^^—2 0 5:io^lS2 0 ecDm^m^'^. M 

^URiEm\z^^jiy^>^]^rzo Z0mmt. 

(OmmmP>X6 0 4, 7t5>a§g2 0 3:io^TS&:^zyy 
^ 2 0 4 ^?g^St- ^fc5e)CDX^;/^>i/X@tC4BV^T P - 
InGaAsP3>^i^hg80 4^Di;U:p- I n P 

Kli8 0 a^^'^S^nTl/i-ScT^T. C:CTi:iT> K 
— y-InGaAs/InGaAsP MQWl 8 0 2 
:fecfc^n- I nF^^y F^8 0 1 c^#® ^X-;^>^7^ 
T^;^c^tT\ 2z:><D^^—2 0 S:^^ZS2 0 

ntz. z.z,x. ^"^-2 0 5\tmmvrz^^-r-<xm- 
:^m\zRm^i^^^y-tvxm<<^v\z. ^tz.. 
-2 0 e^tmmi.r:^yt<D^i»^ i -zxoyt^itim^zm^f 
X. mr) (D^^i'^mo^mihmizmfxRm^'^^yt^i' 
pmt vxm< ^ V izmiiLtc. 

[0 0 9 5] ^0Jly^>ifj:mx\t. n-InPSK 

■s 0 om±xj^y^>if^{¥±vrz^^. ^m^^^p^^m 

mr^^0^m^mt^lim^TX^^<DX\ n - I n 

pi7^^y F®8 0 1 ^ir^xm^-r^'Z^Miitf^^^o yt^ 
m^m^^E^^ti^mm^xm^-rm-i. ^^^xx 
:x:y^>^^mTLx^^Mmmm(Dmmzmm^'^^ 

:z<Dm^. x,y^>^^nrzmmcoytm^m 
^(D^o)i^i^^m) (Dmmmmmt. x^y^y^-^nx 

^xh^&im^vxmi^^'it^^i^^^x^^f)^. -^^iz 

^mm^mmvxhjii^. 
[0 0 9 6] :k\z. m2(Dy^hUz^xh2 0 7 

mmVX. m2(Dy:t hUz^Xh S 0 7 :^^r:^C Tm9 
0 l^ffMUfeo &.±\z^^. HI 0 (h - 1) . (h 

-2) . (h-3) iz^-t^^rj^ytmm^M^mmi^^i^m 

[0 0 9 7] ±mmmj:wzj:r)^mm^mco^mmjBi 
^^i^mvfztz^. mM(Dmm:^mx\ms%(DSk§h 
^movt-^'i^^nu^^^fzoizMv. 9 9%^T[S]±$ 
it^z.t^ix^rz. zcD^mmm^^t. ^mmz^mi^ 

U-'^t^^/ U i^y^^zmm^nXh^^CDX. TtfSfflS/ 

y.i^AO)^^jk:}i^mBm^^mmmzH±^i±^zt - 

:^^X^rzo 

[0 0 9 8] &.±:^^m(Dmmm\z^\^^xmmvrzi^K 

:^mm\tZtl\zm^tlf^\^\ ' ■ 

[0 0 9 9] ±%immm 1 5 tc*5i/:^Tfi. ytm^^o 
f^^^m'^f)^2mm<Dm^\z'Dh^xmmvrzt^. smm^K 
±0m^m^x/'^i^->m^t^m'^i,zh. ±^^<D2m 
§ ^m^nm^m ^mr:itizj:o mjt^'^mx$>^. 
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[0 10 0] mm^mo^Mmwissx'$^niim^it&.i^ 
mm^. G a A s *fc« I n p moy^tti^^mi^x^R^ 

[0 10 1] 

->y&^S«)0 1 lHl©®*lS{Cj;-pT:^T«S^n^CD 
X% &;i5'->4BS^^OfiSII#fe^O 1 iHlOETtt J: 

■SOT, ^^m^^s.0&mmm^J:z^Ammw^^mm 

[0 10 2] 2I5IBiJAI^(^^3fexeiC*JViT«. 1 HIB 

<Dmytj:mx±x(Dmm<7)/'^i$'->if)m^-itix^^^<^ 
m 1 ] ^mesj 1 c7)^m«iHiKo8S3txg**-rH-r * 

SiBJCDia (a-l) ~ (c-l) \t^xmiZiS»^ 30 
±gK¥®iax$.D> ^mi^m (a -2) ~ (c-S) 

■&m<^mx-j^mi^x^\^ft^mommmx^^. 
m 2 ] ^ss^sj 1 (Dytmm'm^o)mmi:m^^-rmx$> 

^. (d-l) , (e-l) «&Xig(ct5tt« 

±gB¥®iax*0. ;^fflc9|g (cl-2) ~ (e.-3) H 

[0 3] mmm2o:>ytmmm^omi&xm^^rmx'$> 
■5c ^EW®ia (a-i) ~ (b-i) \t^xm\zisni> 
±^^^mmx$><r). T^mcom (a-2) ~ (b-2) « 

(c) ttia (b-i) co'i^j:miz^»^mmmx$>^. 
m4] mmm2 (DitMmm^on7&xm^7n-tmx'$> 

-5» &m<Dm (d-l) ~ (f-l) ttSXiS(C*5tt^ 

±^¥mmx^'o. :^mmm {d-2) ~ (f-3) \t 
■&momx—!^m^x^Ltzmmo:>m^^x^:h. 
m 5 ] mmm 3 o^maisieswMjixs^&^-rEi-e* 

^» :£#JCD^ (a-l) ~ (b-l) fit.^xm\z^»^ 
±UW-mmX$>0. :&m(Dm (a-2) ~ (b-2) 

&m(Dmx-'i^Mmx^vrc^m(DWimmx$>r). 

(c) «ia (b-l) CD^X^fC^ftSSfSISIT^-S. 50 



[^6] mmM3<o^mm.m^(Dm7^i:m^7^-tmxib 

fe^l©^ (d-l) ~ (f-l) S§Xg{c*5tt^ 
±gg¥®0T-afeD. ^m<Dm (d-2) ~ (f-3) 

tEmomx-M^mx^vTzmmommmxh^. 
[m7] mmm4(Dytmmm^(ommj:nt:^-rmx$> 

fe#JcD0 (a-l) ~ (b-l) \t^i:m\zii\,-f^ 

±gBTO^Tg.O. *«iJOBl (a-2) ~ (b-2) 

&m(Dmx~.^mmx^hrzmpi^<Dmmmx'$>^. 
ms] mmm4(n^mm^^<nmmT.m^m-rmx& 

■So £««O0 (c-l) ~ (d-l) «^X:g{c*5{t^ 
*#JC7)0 (c-2) ~ (d-3) « 

&m(Dmx-^mmx^Lrzmwr<DWimmx^^. 
m 9 ] iiis^j 5 (D^Mmm^0mmj:mi5ik-rmx$> 

^mom (a) ~ (d-l) «#XSfc*3lt^±g6 
¥MiaT^D, ;&tiJ<DS (b-2) - (d-2) tt£#J 

[010] mmm 5 w^*ffiiiis§c9ffi[iixigs^-rigT 

fefficDE (e-l) ~ (h-1) It^xmiZ^if 
S±g6¥®0T*t)v -^m(Dm (e-2) ~ (h-3) 

[011] u^<D^mmM^<Dmmi:m^^^rmx& 

^. fetlOH (a-l) ~ (d-l) «^Xgt^*5lt^ 
±SK¥SiaT'SO. *®JOEI (a-2) ~ (d-2) it 

&m<Dmx'-^mmxmLrzmm(Dmmmx&^. 
[012] ^mmm^(D-m'S:mT±m^mmx^^, 

100 ->U3>SS 

101 SiO,Ti7^-yFS 

1 0 2 S i , N, =1 TB 
103 S i 0,±i7 7-> Fe 
20 1 -^-^ i/a:^-^ 

2 0 2, 6 0 4 ^jSg§l-->X 
2 0 3 Jt^feSg 

2 0 4 tt*a->7^' 
205, 206$ 5— 

3 0 6, 9 0 0 ^1 h P-v'X h 
3 0 7 ^2©7;t h^v'X h 

3 0 8, 9 0 1 ^mm 

6 0 0 3^^^^ 

6 0 1 yym'f'yX'^ 

6 0 2 DFBW— tf 

6 0 3 A-i)-m<DU—^ 

6 1 0 *jSS|c7)-gP*^^£$nfcSSJ|g 

700 n-GaAs ftfe 

701 n -A 1 . G a,. , A s i'^iy HB 

7 0 2 7>H-:/-GR I N-SCH-SQWS 

7 0 3 7>K-y-A l..,Ga,., As=^^U7»M 

7 0 4 7>h*-y-Al..,sGa,,,sAs3t^!Sg 
7 0 5 p-A 1 0. « G a.. < A s 



( 13 ) #F?S^7 - 2 8 3 2 1 5 

23 24 

7 0 6 p-Ga As Zi>a7^ 

80 0 n-InP«« 803 p-InP^^yFS 

801 n-InP^^^yH^ 8 0 4 p - I n G a A s P 3 >^ ^ 

8 0 2 T>H — 7"- I nGaAs/I nGaAs P^ 9 0 2 S i H 

[^1] C0 21 
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<^mW-7 - 2 8 3 2 1 5 
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